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Summary
Background: Hand hygiene of healthcare personnel is one of the most important
interventions for reducing transmission of nosocomial pathogens. Previous studies
have demonstrated that the use of alcohol-based hand gel increases hand hygiene
compliance, but that effective use of this product cannot be taken for granted.
Objective: Evaluate factors associated with poor hand hygiene effectiveness of
hospital workers using an alcohol-based hand gel and the effect of an education
program.
Design: A direct observational prospective study of hand hygiene effectiveness prior
to training and immediately after training.
Setting and subjects: 3067 hospital workers of different professional categories in
several hospital units in the University Hospital of Nancy (France).
Results: Time after program start (OR 0.97, 95%CI 0.96—0.97) and being female
(OR 0.37, 0.24—0.58) were highly associated with increased effectiveness of hand
hygiene prior to training. Wearing rings other than a wedding ring (OR 1.8, 1.2—2.7),
a bracelet (OR 2.0, 1.1—3.6), a watch (OR 1.9, 1.3—2.9) and having long nails were
associated with ineffective hand rub use. Professional background was also a strong
predictor with nurses and especially senior nurses demonstrating much better effec-
tiveness than all other professional groups. Wearing wedding rings or long sleeves,
and having varnished nails, visibly dirty hands prior to washing and cutaneous lesions
were not associated with effective gel use.
© 2010 Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. All rights reserved.
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Conclusion: These results demonstrate that an educational program can signiﬁcantly
improve the proper practices for using hand rub and hand washing compliance. This
study has also demonstrated that wearing rings, bracelets, watches and long nails
impair hand gel application but that wedding rings, long sleeves and varnished nails
do not. The ﬁnding of that hand hygiene effectiveness increased with time even prior
to training indicates that knowledge gained by staff trained early diffused into those
who had not yet been trained.
vier Limited on behalf of King Saud Bin Abdulaziz University
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doctors, physiotherapists, occupational therapists,
secretaries, and technicians but this analysis© 2010 Published by Else
for Health Sciences. All
Introduction
Nosocomial infections are associated with signiﬁ-
cant increase in morbidity and health care costs [1].
Good hand hygiene and good antimicrobial prescrip-
tion practices are considered as the most important
measures for preventing nosocomial infections
[2—6]. However, compliance with hand washing
guidelines in hospital environments is generally
less than 50% [7]. Reasons for insufﬁcient compli-
ance have been investigated [8]. Hand washing may
be inadequate because of workload pressures and
may vary between professional groups and clini-
cal specialties. Factors associated with compliance
with hand washing include the professional group
(medical students and doctors wash their hands
less frequently and effectively than other health
care workers), male sex (less effective), clinical
specialties (intensive care nurses were more effec-
tive), working at week-end, lack of time and high
patient care load, lack of training and information,
and ‘‘cutaneous intolerance’’ (all less effec-
tive) [7,9—12]. Generally, compliance decreases
when the need for hand washing increases
[13].
Several studies have proved that compliance
with hand washing could be improved [14—16].
However, it is necessary to have an multiple
intervention at the same time to make a sus-
tained impact on the complex relation between
health care workers and hands [17]. Education
and information have also a very signiﬁcant role
[9,18,19].
Studies show that using alcohol-based hand rubs
(ABHR) versus conventional antiseptic soap [20]
increases hand washing compliance and frequency
[21,22] and decreases nosocomial infections [23].
ABHR may help to overcome many obstacles to
hand washing: they allow fast hand hygiene dur-
ing patient care, achieve rapid microbial killing
and may even improve the hand’s skin condition
[24—26]. Thus, one objective of the 2005—2008
French National Program for nosocomial infections
prevention was to increase ABHR consumption. An
e
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rs reserved.
ndex of ABHR consumption is now one of the key
ndicators in the dashboard of the French National
rogram.
The aim of this study is to investigate factors that
ay explain the bad practices in hospital workers
se of alcohol-based hand gel and the impact that
n educational program had on the prevalence of
his bad practices.
ethods
etting and study subjects
he Nosocomial Infections Committee and Quality
nd Customers Directorate of University Hospital of
ancy instigated the provision of ABHR throughout
he hospital in areas where there is staff patients
ontact. Some 3000 distributors were installed: in
atient’s rooms, ward blocks, treatment’s rooms,
onsultations, etc.). Training sessions for all hos-
ital workers were organized and a campaign of
nformation and sensitization to accompany the
hange of practice directed at personnel, patients
nd patients’ families [28]. The standard training
ession was based on an individual assessment of
and washing practice by using ﬂuorescent gel to
valuate the quality of the application, on a dou-
le application of ABHR to measure the progress
valuated by a questionnaire at the end of the for-
ation.
This study was carried out in all hospital units
f the University Hospital Centre of Nancy (France)
hich comprises medical, intensive care, chirur-
ical units, administration, technical services,
mergencies and medical imagery. In the DEESSES
ohort, all professional categories were observed:xcluded the medical doctors because of lack
f availability of key administrative data. In this
ohort we want to observe the evolution of the hand
ub practice during 10 years.
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roducts
he study was carried out using an alcohol-
ased hand rub with a ﬂuorescent substance:
niosgel 85 NPC phosphorescent® (Alcohol Denat.,
ater, Glycerin, Acrylates/C10-30 Alkyl Acrylate
rosspolymer, Bisabolol, Caprylic/Capric Triglyc-
rides PEG-4 Esters, PEG-8 Caprylic/Capric Glyc-
rides, Aminomethylpropanol, Methylpropanediol).
ith the use of a ﬂuorescent substance the cover-
ge on the hand can predict a decrease bacteria’s
umeration [27].
Since January 2007, ABHR was introduced
rogressively into hospital units on the basis
f published data for responding to difﬁcul-
ies with hand washing. The introduction of
lcohol-based hand rub in the different hospital
nits was associated with a program for ade-
uate equipment, promotion of hand hygiene and
raining.
tudy design
he study was prospective and observational with
wo different phases: before (step 1) and after (step
) a training session (same day). During the training
ession, beginning in January 2007, a questionnaire
as administered to each health care worker.
Phase 1: The study began with a control period
ithout any interventions to obtain a baseline data.
his included ‘‘spontaneous’’ applications of an
BHR incorporating ﬂuorochrome (Aniosgel 85 NPC
hosphorescent®) before the training session and
valuation of the percentage of the hand covering
y gel using a Wood light (Anios Box®).
Training session: This step consisted of a 30min
ession, supported by slides describing the charac-
eristics of hand rubbing, the conditions of a good
ractice and the advantage of rubbing. The train-
ng session for hand rubbing was offered by three
embers of the hospital hygiene team.
Phase 2: The last step consisted of a new
pplication of the same ﬂuorescent hand-rub fol-
owed by the same evaluation of hand rubbing’s
uality.
ata collection
ll observations were made by the same external
nvestigator using identical methods for both peri-
ds.uestionnaire
ariables of the questionnaire, included identiﬁca-
ion of worker (name, sex, age, job classiﬁcation,)
ominant hand, previous training session, cuta-
q
l
r
c
te 27
eous hydration, year of recruiting, legal position
n the hospital: (contractual, titular), ward and
he quality of the hand rubbing (time of rubbing,
ercentage of coverage on the hand, respect of
ractice).
uality criteria for hand disinfecting procedures
uality criteria were observed before (step 1) and
fter (step 2) the training session.
The ﬁrst criterion was quality of the prepara-
ion for application of gel and included: (1) wearing
f jewels: (2) long and/or varnished nails; (3) long
leeves; (4) presence of cutaneous lesions; (5) visi-
ly dirty hands.
The second criterion was the evaluation of the
rocedure; the procedure was considered as cor-
ect if carried out according to the protocol and
omplying with two speciﬁed key points: (1) rubbing
ime and (2) respect of procedure. The evalua-
ion of the quality of hand rubbing was carried
ut according to visual criteria’s (visualization and
stimation of the zones uncovered by ﬂuorescent
BHR). A black box with a Wood light was used
or showing the places covered with the phospho-
escent rub. The rub used was colourless and its
hosphorescent quality appears only with the UV
ight. The percentage according to the different
rea is: wrist 10%, palm 48%, ﬁnger 6% for the inch
nd 9% for the others with 3% per phalanx. If the
uorescence is not intense, we count the half of
he percentage. We recently published data on the
alidation of this ﬂuorescence technique against
icrobiological criteria [27].
The procedure was considered correct and effec-
ive if the area uncovered by ﬂuorescent ABHR
as less than 7%, if rubbing time (limit: 30 s) and
ethod were respected. If at least one from these
parameters was not respected, the technique was
eemed inadequate.
The results for each subject were conﬁdential
nd sent to his residence by post. In addition the
verall results of the study were presented to vol-
nteers and to the hospital management.
tatistical analysis
he results were entered into and analysed by SPSS
ersion 16 software. The statistical analysis was
erformed using Chi-square test for analysing two
ualitative variables and the ODD ratio was cal-
ulated in this case, the linear regression for two
uantitative variables, and a multivariate analysis
ogistic regression was performed. Estimated odds
atio (exp(B)), conﬁdence interval for exp(B) were
alculated. A P-value <0.05 was considered as sta-
istically signiﬁcant.
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In the initial analysis, factors associated with
inadequate hand rubbing were identiﬁed. For this
part of the study the variables analysed were
gender, type of ward, major hand, job, prereq-
uisite conditions, staff. The immediate impact
of training was evaluated by the rubbing time,
correct procedure, rubbing quality, percentage
of ﬂuorochrome recovery and all prerequisited
conditions.
Results
A total of 3067 hospital workers were included
in the analysis. Some 85% of the population
are health workers with an everyday direct con-
tact with the patient. This includes nurses (35%),
assistant nurses (29%), ward cleaners (15%), lab-
oratory technicians (4%) and radiographers (3%),
and also some members of the administrative,
management, supervisory and technical staff. Of
the 3067 staff, 2680 (87%) were female and
13% were male. The mean age was 41.6 (SD
9.7).
Factors associated with inadequate hand
rubbing prior to training
Table 1 shows the impact of various factors of the
effectiveness of hand rub technique. Females were
less likely to have inadequate technique than males
(OR = 0.38, 95%CI 1.78—3.83). Wearing jewellery
was signiﬁcantly associated with poor effective-
ness of hand rubbing. Wearing rings other than
wedding rings (OR = 2.50, 95%CI 1.7—3.7), bracelets
(3.3, 1.9—5.8), watches (2.6, 1.8—3.8) and long
nails (1.6, 1.1—2.3) were all associated with inad-
equate hand effective use of the gel. Wearing
wedding rings, long sleeves, and having varnished
nails, visibly dirty hands prior to washing and cuta-
neous lesions were not associated with effective gel
use.
The person’s profession was a highly signiﬁ-
cant predictor of effective use with nurses and
especially senior nurses showing good effectiveness
compared to other workers. Location of work was
also associated with effectiveness, though few of
the differences other than for sites with few staff
showed major differences to the medical wards
which was where most staff worked.
In addition, the time since start of the training
programme was also highly signiﬁcant predictor of
hand rub effectiveness prior to training (OR = 0.97,
95%CI 0.96—0.98) with an increasing proportion of
staff demonstrating effective hand hygiene with
time (Fig. 1). There is good evidence that secondary
t
c
e
t
wigure 1 Percentage of participants determined to have
ffective hand rub technique prior to training (step 1) in
he months after the start of the campaign.
iffusion of training was happening. In Fig. 1, it can
e seen that at the start of the campaign very few if
ny staff were able to demonstrate effective hand
ubbing. This proportion increased to 34% after 1
ear indicating that skills learned by early atten-
ees at the training sessions were being passed onto
heir colleagues.
All variables from Table 1 were entered into a
ultiple predictor logistic regression model and
hen the least signiﬁcant variable removed until
ll variables were signiﬁcant at the p = 0.2 level.
n addition because of strong co-linearity between
ervice and profession, service was dropped from
he model. Table 2 shows the ﬁnal model. Time
fter program start (OR 0.97, 95%CI 0.96—0.97)
nd being female (OR 0.37, 0.24—0.58) were highly
ssociated with increased effectiveness. Wearing
ings other than a wedding ring (OR 1.8, 1.2—2.7),
bracelet (OR 2.0, 1.1—3.6), a watch (OR 1.9,
.3—2.9) and having long nails were associated
ith ineffective hand rub use. Professional back-
round was also a strong predictor with nurses and
specially senior nurses demonstrating much bet-
er effectiveness than all other professional groups
Table 2).
mpact of training
able 3 shows the immediate impact of training
n hand rub technique and effectiveness and on
he preconditions for effective hand rub. Prior to
raining 84% of people were judged to have inef-
ective technique, but immediately after training
his fell to just 6%. It can be seen that there was
strong impact on all measures of effectiveness
ime, correct procedure, rubbing quality and gel
overage. Although many of the preconditions for
ffective hand hygiene also improved, a propor-
ion of staff continued to wear their jewellery and
atches.
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Table 1 Single predictor variable analysis of risk factors for ineffective hand hygiene prior to training.
Hand hygiene effectiveness
Effective Not effective OR L95%CI—U95%CI P
Time after programme start/weeks 0.97 [0.96—0.98] 3.7× 10−15
Sex
Male 29 358 1 1.0× 10−6
Female 474 2206 0.38 [0.26—0.56]
Age group
20—29 75 415 1 0.289a
30—39 142 613 0.78 [0.57—1.06]
40—49 170 854 0.91 [0.68—1.22]
>=50 116 682 1.06 [0.78—1.46]
Handedness
Left 50 261 1 0.871
Right 453 2303 0.97 [0.71—1.34]
Wears wedding ring
No 342 1669 1 0.211
Yes 161 895 1.14 [0.93—1.40]
Wears ring other than wedding rings
No 473 2212 1 3.0× 10−6
Yes 30 352 2.51 [1.71—3.69]
Wears bracelet
No 489 2340 1 1.6× 10−5
Yes 14 224 3.34 [1.93—5.79]
Wears watch
No 469 2152 1 1.7× 10−7
Yes 34 412 2.64 [1.84—3.80]
Has long nails
No 466 2271 1 0.008
Yes 37 293 1.63 [1.14—2.32]
Varnished nails
No 481 2394 1 0.058
Yes 22 170 1.55 [0.99—2.45]
Long sleeves
No 462 2334 1 0.554
Yes 41 230 1.11 [0.79—1.57]
Visibly dirty hands
No 501 2547 1 0.493
Yes 2 17 1.67 [0.38—7.26]
Cutaneous lesions
No 408 2169 1 0.052
Yes 95 395 0.78 [0.61—1.00]
Profession
Nurse 245 841 1 4.0× 10−13
Admin worker 6 68 3.30 [1.42—7.70]
Nurse assistant 114 781 2.00 [1.57—2.54]
Cleaner 61 403 1.93 [1.42—2.61]
Other managers 0 18 4.7× 108 [0.00. -0.00]
Senior nurses 36 72 0.58 [0.38—0.89]
Laboratory assistant 13 115 2.58 [1.43—4.65]
Radiographer 9 79 2.56 [1.27—5.17]
Paramedic 12 62 1.51 [0.80—2.84]
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Table 1 (Continued )
Hand hygiene effectiveness
Effective Not effective OR L95%CI—U95%CI P
Secretary 2 30 4.37 [1.04—18.41]
Technician 5 95 5.54 [2.23—13.76]
Service
Medical wards 121 664 1 3.2× 10−10
Administration wards 9 30 0.61 [0.28—1.31]
Anaesthesia and theatre suite 58 114 0.36 [0.25—0.52]
Workshop 1 59 10.75 [1.48—78.34]
Stretcher ward 5 76 2.77 [1.10—6.99]
Surgical wards 71 397 1.02 [0.74—1.40]
Creche 5 30 1.09 [0.42—2.87]
Consulting wards 21 183 1.59 [0.97—2.60]
Dietetic ward 4 21 0.96 [0.32—2.84]
School 19 39 0.37 [0.21—0.67]
Supply nurses 31 103 0.61 [0.39—0.95]
Endoscopy ward 1 19 3.46 [0.46—26.11]
Laboratory 11 127 2.10 [1.10—4.01]
Pharmacy 16 59 0.67 [0.37—1.21]
Radiology 11 103 1.71 [0.89—3.27]
Intensive care unit 75 289 0.70 [0.51—0.97]
Social ward 3 15 0.91 [0.26—3.19]
Technical ward 7 45 1.17 [0.52—2.66]
Logistic and support medical ward 6 41 1.25 [0.52—3.00]
Rehabilitation 11 40 0.66 [0.33—1.33]
Emergency ward 7 51 1.33 [0.59—3.00]
Long term care 8 57 1.30 [0.60—2.79]
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Discussion
The switch to alcohol-based rub should improve
the antimicrobial efﬁcacy of and rate of compli-
ance with hand hygiene, as shown in many studies,
because of time savings, increased degree of bacte-
rial killing, and decreased side effects [23,31—33].
The French Health Ministry has encouraged the
switch to ABHR by requiring hospitals to offer eas-
ily access to ABHR with for hand hygiene. A similar
approach was endorsed in October 2005 by the
World Health Organization.
In this study, we observed several criteria in
order to evaluate the modiﬁcations in professional
practice before and after a training session about
the use of ABHR. The training session with both the-
oretical and practical instruction, was associated
with an immediate and large improvement in hand
hygiene practices by healthcare workers. In this
regard our conclusions are consistent with those of
the relatively few published papers. A multicentric
study carried out in the USA highlighted the effec-
tiveness of their training scheme on hands hygiene
[14] just as in Switzerland [17].
c
i
o
IAfter training, HCWs signiﬁcantly improved their
cores for hand procedure protocol. They used the
roper amount of ABHR, prolonged its application,
nd most importantly, applied ABHR on the total-
ty of the hand and wrist. HCWs were taught to
emove jewels, not wear long sleeves and to keep
hort nails and hands clean for good hand hygiene.
raining also had an impact on the presence of
any of these preconditions for good hand hygiene.
lthough wedding rings have a strong symbolic and
entimental value, some workers became aware
f the importance to remove their ring because
t was an important source of microorganisms and
he alcohol solution do not penetrate under the
edding ring. However, others continue to wear
atches and jewellery. One outcome of this work
as been, once again, the clear demonstration
hat wearing watches and jewellery has a negative
mpact on the effectiveness of hand hygiene.
Conversely, some authors reported that edu-
ation, motivational campaigns and feedback
nterventions, which accompanied the installation
f ABHR, failed to improve hand hygiene [29,30].
n order to know the real impact of educational
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Table 2 Risk factors for poor effectiveness of hand rub use; odds of being deemed to have ineffective hand hygiene
prior to traininga.
Risk factor OR L95%CI—U95%CI P
Time after programme start/weeks 0.97 [0.96—0.97] 7.6× 10−18
Sex
Male 1 8.6× 10−6
Female 0.37 [0.24—0.58]
Wears rings other than wedding ring
No 1 0.005
Yes 1.80 [1.20—2.70]
Wears bracelet
No 1 0.015
Yes 2.03 [1.15—3.61]
Wears watch
No 1 0.001
Yes 1.95 [1.31—2.89]
Has long nails
No 1 0.007
Yes 1.66 [1.15—2.40]
Profession
Nurse 1 9.3× 10−10
Admin worker 2.73 [1.14—6.52]
Nurse assistant 1.894 [1.48—2.43]
Cleaner 1.820 [1.33—2.49]
Other managers 2.2× 10−08
Senior nurses 0.445 [0.29—0.69]
Laboratory assistant 2.154 [1.16—4.02]
Radiographer 1.253 [0.60—2.61]
Paramedic 1.365 [0.71—2.64]
Secretary 2.820 [0.65—12.24]
Technician 1.493 [0.55—4.06]
a Variables not independently associated with hand hygiene effectiveness: age group, handedness, wearing wedding ring, having
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Evarnished nails, wearing long sleeves, having visible dirty hand
rogrammes on HCWs, it is essential to follow-
p hand-hygiene practises in the mid and long
erm.
Many healthcare institutions are in the process of
witching from hand washing with soap to the use
f ABHR for improving hand hygiene. This study pro-
ides strong evidence that HCWs require training to
erform hand hygiene with the new alcohol-based
and rub. This simple, easy, and quick step should
e organized in each institution when alcohol-based
and rub is introduced.
Because an isolated educational intervention
ould only be successful for a short period, we sup-
orted our programme with recommendations such
s the need for re-training every 3 years to improve
etention of the educational message. This training
lso needs to be supported by the regular evalua-
ion of the impact of the hand hygiene campaign.
t
a
p
tor to hand hygiene and having cutaneous lesions.
As raised above, hand hygiene with alcohol-
ased hand rub is a fundamental change in the
CWs’ behavior. Several previous studies have
hown that compliance with hand hygiene prac-
ices could be improved [14—16]. Education and
nformation have a very signiﬁcant role [10,18,19].
ut it is necessary to act, not only on one, but
n several levels at the same time of the com-
lex relation between HCW and the hand hygiene
17]. Although this study and previous studies have
oncentrated on demographic factors as there is a
eed to consider social, behavioural and psycholog-
cal factors behind effective behavioural change.
ven recently published work has not addressed
his social perspective [34—37]. For this reason,
long term study (10 years duration) will be
erformed to establish the individuals or collec-
ive factors which inﬂuence the compliance of
32 A. Hautemaniere et al.
Table 3 Effectiveness of the application of hand gel before (step 1) and after (step 2) training.
Value of answers Not observed P-Value
The hand rubbing procedure
Rubbing time <15 s 16—29 s ≥30 s
Step 1 234 1783 1088 18
Step 2 1 86 3034 2 <10−8
Procedure respected Incorrect Average quality Correct
Step 1 174 1821 1110 18
Step 2 0 51 3070 2 <10−8
Rubbing quality Incorrect Correct
Step 1 2353 769 1
Step 2 115 3007 1 <10−8
% ﬂuorochrome recovery Palm of hand Back of hand
Step 1 94.4% 78.4%
Step 2 99.4% 97.5% <10−8
Evaluation of hand washing Incorrect Correct
Step 1 2616 507
Step 2 182 2941 <10−8
Preconditions Wearing Not wearing
Wedding ring
Step 1 1081 2033 9
Step 2 870 2209 44 <10−8
Ring
Step 1 391 2722 8
Step 2 228 2851 44 0.0001
Bracelet
Step 1 245 2868 10
Step 2 168 2911 44 0.001
Watch
Step 1 459 2655 9
Step 2 181 2898 44 <10−8
Long nails
Step 1 336 2781 6
Step 2 330 2772 21 0.86
Varnished nails Presence No presence
Step 1 194 2924 5
Step 2 189 2913 21 0.83
Long sleeves
Step 1 276 2838 9
Step 2 147 2900 76 <10−8
Dirty hands
Step 1 20 3097 6
Step 2 13 3093 17 0.23
Cutaneous lesions
Step 1 499 2619 5
Step 2 492 2616 15 0.85
Global respect prerequisite
Step 1 1123 1995 5
Step 2 1378 1684 61 <10−8
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ands hygiene in the hospital professional environ-
ent.
onclusion
his study shows that the individual training with
ssessment is an essential and effective part of the
ntroduction of ABHR for improving hand hygiene.
e have identiﬁed a number of issues that are asso-
iated with poor hand hygiene effectiveness prior
o training. We have also been able to demonstrate
he diffusion of skills and knowledge from the early
rainees into the wider hospital community.
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his article.
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